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Introduction
Breast cancer is the most commonmalignant tumour and
a cause of death due to cancer in women in Pakistan1
apart from being the leading cause of worldwide cancer
deaths in women. Breast cancer accounted for 28% of
total new cancer cases and 15% of total cancer-related
deaths in 2010.2 It is the second most common cancer in
the United States, second only to lung cancer as the
leading cause of death.3
The reported incidence of breast carcinoma in Karachi is
32%,4 therefore early diagnosis and treatment can reduce
the high mortality rate associated with carcinoma.
To reduce breast cancer mortality, the only evidence-
based procedure available for screening is
mammography.5 For standardised reporting of the
mammographic findings Breast Imaging Reporting and
Data System (BIRADS) is routinely used.6 However, a
varying degree of agreement is seen among the
radiologists for the assessment of breast density.7,8 Breast
composition can be measured by area-based method in
which the image of compressed and projected breast are
taken and breast density is assessed by segmenting areas
of the mammographic image.9 Because of the subjective
nature of analysis, there is substantial inter-and intra-
observer variability and it requires additional time even
by an experienced radiologist.10
Accuracy ofmammography depends upon various factors
such as protocols for mammographic reading,
characteristics of the patient, type of breast and the
expertise of the radiologist.11,12 Efforts have beenmade to
improve its accuracy; one of them is double reading as it
increases the cancer detection rate and reduces further
assessment rate.13
BIRADS has been developed by the American College of
Radiology (ACR) in order to classify the breast density,12 to
reduce discordance in the interpretation of
mammographic findings, to standardise the reporting
and to facilitate the follow-up.14,15
Mammographic density is considered to be an important
independent risk factor for breast cancer.16-19 It is
important for breast cancer risk prediction as well.
Therefore, the reproducibility of breast density is
extremely important.20
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Abstract
Objective: To evaluate the inter- and intra-observer variability among radiologists in the characterisation of
mammograms according to Breast Imaging Reporting and Data System assessment and breast density categories.
Methods: The descriptive cross-sectional study was conducted at Aga Khan University Hospital, Karachi, from
January 2014 to June 2014. Using non-probability purposive sampling, all mammograms in the study were
interpreted by three radiologists on the basis of Breast Imaging Reporting and Data System categories and by
assessing the breast density composition. The inter-observer variability was recorded by comparing the difference
in the interpretation and categorisation of each case. Intra-observer variability was noted by comparing the
differences in the two sets of results from reading the same mammogram three months apart.
Results: A total of 254 mammograms were reviewed and the mean age of patients was 55.2±11.6 years. In the first
round of diagnostic imaging, there was moderate agreement among all three possible pairs of observers regarding
breast density (k= 0.50-0.41), but for Breast Imaging Reporting and Data System categories the agreement was less
(k=0.27-0.13). After 3 months, variability of observer 1 showed substantial agreement (k=0.65).Variability between
observer 2 and observer 3 showed moderate agreement (k=0.13).In terms of categories, intra-observer differences
were variable: observer 1 (?=0.61; observer 2(?=0.17); observer 3 (k=0.45).
Conclusion: Despite standardised guidelines for reporting density and assessment categories, observer variability
continues to exist.
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Limited studies have analysed observer variability in
mammographic interpretation using BIRADS assessment
as well as breast density categories.21-23 These studies
done on Western population have shown insufficient
inter- and intra-observer variability. In our country more
and more centres are adopting BIRADS for
mammographic reporting, but no such study has been
conducted in Pakistan to the best of our knowledge.
The current study was planned to evaluate the inter- and
intra-observer variability among radiologists in assessing
breast density and BIRADS characterisation.
Subjects and Methods
The descriptive cross-sectional studywas conducted at Aga
Khan University Hospital, Karachi, from January 2014 to
June 2014, after obtaining exemption from the institutional
ethical review committee. Using Open EPI calculator, the
sample size was calculated taking breast cancer prevalence
of 18%24 with 95% confidence interval (CI).
Non-probability purposive sampling was done while
including mammographic images of female patients
referred to the Radiology Department.
Women falling in the age range of 35-65 years were
included in the study. All patients had no prior history of
breast cancer, or risk factors for breast cancer. Patients
with previous history of mastectomy, chemotherapy or
radiation therapy were excluded.
Two view mammograms were taken; medio-lateral
oblique view, and cranio-caudal view (Siemen
MAMMOMAT NOVA 3000). All the mammograms were of
good quality and were checked by the mammography
quality control supervisor. They were interpreted by three
radiologists having 5 to 10 years' experience each in
mammographic reporting and breast imaging and who
were specifically involved in mammogram reading on a
weekly basis. All the readers interpreted the
mammograms in sets of 10 for each session, to avoid
fatigue and overwork bias. Each session was of half-an-
hour duration. The readers described each mammogram
using BIRADS categories and by assessing the breast
composition, in both, the first round of reading and in a
similar session repeated three months later. All three
radiologists were blinded to the identity of the patients,
and the sequence of mammograms was changed for each
reading session. The inter-observer variability was
recorded by comparing the difference in the
interpretation and categorisation of cases among the
three specialists. The same method was repeated three
months later with the same set of mammograms to
obtain another set of results.
Intra-observer variability was noted by comparing the
differences in two sets of results from the same readers
three months apart, which was done for all the three
specialists.
For the sake of statistical analysis all three specialists later
were referred to as the following variables: A and D:
Observer 1; B and E: Observer 2; C and F: Observer 3. A,B
and C referred to the first round, and D,E and F referred to
the second round of reading for radiologists 1,2 and 3
respectively. For all mammograms, breast density and
final BIRADS category were recorded by all the three
readers.
Data analysis was done using SPSS 20, and inter- and
intra-radiologist agreement were assessed using
percentage of concordance and Kappa statistic, Kappa
coefficient and its 95% CI. Interpretation of Kappa values
was done by using standard method of interpretation25
(Table-1).
Results
As against the sample size requirement of 227, the study
comprised all the 254 mammograms done during the
period. The mean age of patients was 52.2±11.6 years.
In the first round of reading, the agreement between
observer 1 and 2 was moderate (k=0.50; 68.5%), while the
agreement between observers 1 and 3 (k=0.43; 63.8%)
and observers 2 and 3 (k=0.44; 63.4%) was almost similar.
In terms of BIRADS category, the agreement was fair
between observers 1 and2 (k=0.27l; 44.9%) and observers
1and3 (k=0.24; 48.0%). Poor agreement was recorded
between observers 2 and3 (k=0.13; 28.0%) (Table-2).
After three months, the overall kappa value increased
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Table-1: Standard Kappa Values.
Value of K Strength of agreement
< 0.20 Poor
0.21 - 0.40 Fair
0.41 - 0.60 Moderate
0.61 - 0.80 Good
0.81 - 1.00 Very good
Table-2: Inter-observer variability (First Round).
DENSITY BIRADS
Between A and B κ=0.50(n=63.77%) Between A and B κ=0.27 (n=58.66%)
Between A and C κ=0.43(n=97.24%) Between A and C κ=0.24 (n=70.47%)
Between B and C κ=0.41(n=84.64%) Between B and C κ=0.13( n=
40.15%)
BIRADS: Breast Imaging Reporting and Data System.
among all the three pairs (k=0.50) compared to the value
in the first round (k=0.45) (Table-3).
There was a detectable difference in the results of BIRADS
categorisation from the previous attempt. There was fair
agreement between observers 1 and 2 (k=0.34; l53.1%),
slight agreement between observers 1 and3 (k=0.18l;
43.9%), and moderate agreement between observers 2
and3 (k=0.42; 69.2%).
After the specified time period, the variability of observer
1 showed substantial agreement with the highest kappa
value achieved throughout any part of the study (k=0.65;
78.0%). Variability of observer 2 and 3 showed moderate
agreement (k=0.59; l74.8%and k=0.49; 67.3%) (Table-4).
As for BIRADS category, the intra-observer differences
were highly variable, with observer 1 attaining the
substantial agreement (k=0.61; 73.2%), observer 2 having
a drastic drop and attaining poor agreement (k=0.17;
31.9%), while observer 3 attained moderate agreement
(k=0.45; 72.3%).
Discussion
In this study we used BIRADS categories to determine
inter-observer and intra-observer variability for breast
density and assessment for recommending management.
Minimising the variability in mammographic film
interpretation is a priority in order to maximise the
accuracy of screening mammography which in turn
affects breast cancer detection.
The inter-observer agreement for breast density was
moderate among all three readers with higher kappa
values for moderate agreement in the second round of
film viewing. A remarkably better agreement was seen for
intra-observer variability for breast density for observer 1
and moderate agreement was noted in intra-observer
variability for breast density for observers 2 and 3.
The breast density interpretation results are almost similar to
a study that took a stratified random sample of 100
mammograms, and obtained substantial intra-observer
agreement for breast density interpretation.5 In that study,
however, only screening mammograms were taken and the
second set of imageswas reviewed after a gap of sixmonths.
In terms of BIRADS assessment categories, our study
showed less agreement amongst readers with almost fair
agreement in the first round with low Kappa values. This
showed a detectable increase to fair inter-observer
agreement, according to the Kappa values in the second
round. Our results of BIRADS assessment categories are
comparablewith a study that reported kappa value of 0.37.5
These results are also comparable to a study in which
lesion management or final BIRADS assessment
categories showed highly variable results with final kappa
values of 0.37.8 However, that study also interpreted
screening mammograms only. This particular study had
evaluated mammographers who were not trained in
BIRADS categorisation. The mammographers interpreted
the mammograms instead of trained radiologists, and the
interval between the first and second set of readings was
two months.
The results of intra-observer variability are in substantial
and moderate agreement for observers 1 and 3,
comparable to the results of the study conducted by
Redondo et al5 (kappa=0.55)and Berg et al8 (kappa=0.60).
The intra-observer variability for observer 2 showed
moderate agreement for breast density assessment, but a
drastic drop in BIRADS category assessment with kappa
value of 0.17, thus showing slight agreement with previous
results. On further reviewing of data, it was noted that
observer 2 had given a more definitive category to all
mammograms.This was attributed to the fact that observer
2 had attended a hands-on workshop on BIRADS reporting
during the 3-month period, and thus became more
confident in assigning final BIRADS assessment categories.
Thismay also suggest that training in BIRADS lexiconhas an
effect on the confidence level of the radiologist.
Overall, the experience and training in BIRADS reporting
do affect reporting skills and in providing feature analysis
and final assessment categories using BIRADS.26 In
addition feedback on reporting from breast physician and
patients' follow-up findings may inadvertently and
unintentionally change the observer's interpretation of
BIRADS category of a particular mammographic
appearance. These factors may have affected the
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Table-3: Inter-observer variability (Second Round).
Density BIRADS Category
Between D and E κ=0.55 (n=50.39%) Between D and E κ=0.34(n=68.50%)
Between D and F κ=0.50(n=31.49%) Between D and F κ=0.18 (n=56.29%)
Between E and F κ=0.53 (n=89.76%) Between E and F κ=0.42(n=81.49%)
BIRADS: Breast Imaging Reporting and Data System.
Table-4: Intra-observer variability.
Density BIRADS Category
Between A and D κ=0.65(n=88.97%) Between A and D κ=0.61 (n=94.48%)
Between B and E κ=0.59 (n=96.85%) Between B and E κ=0.17(n=43.30%)
Between C and F κ=0.49 (n=95.66%) Between C and F κ=0.45(n=86.22%)
BIRADS: Breast Imaging Reporting and Data System.
reporting format and skills of radiologists in the second
round and thus may have influenced the results of our
study.
There are a few limitation of our study which may have
affected the results. We took both screening and
diagnostic mammograms. Secondly the time period
between the first and second round was three months.
This short period may have had an element of recall bias
from the radiologists themselves which may in turn have
affected the inter- and intra-observer variability values.
Conclusion
Despite standardised guidelines for reporting density and
assessment categories, personal observer variability
continues to exist, and continued training in BIRADS
lexicon and assessment categories may result in increase
in the confidence level of radiologists and result in
decreased variability in image interpretation.
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